Animal migrations provide important ecological functions and can allow for 27 increased biodiversity through habitat and niche diversification. However, aquatic 28 migrations in general, and those of the world's largest fish in particular, are imperiled 29 worldwide and are often poorly understood. Several species of large Amazonian catfish 30 carry out some of the longest freshwater fish migrations in the world, travelling from the 31 Amazon River estuary to the Andes foothills. These species are important apex predators 32 in the main stem rivers of the Amazon Basin and make up the regions largest fishery. 33 They are also the only species to utilize the entire Amazon Basin to complete their life 34 cycle. Studies indicate both that the fisheries may be declining due to overfishing, and 35 that the proposed and completed dams in their upstream range threaten spawning 36 migrations. Despite this, surprisingly little is known about the details of these species' 37 migrations, or their life history. Otolith microchemistry has been an effective method for 38 quantifying and reconstructing fish migrations worldwide across multiple spatial scales 39 and may provide a powerful tool to understand the movements of Amazonian migratory 40 catfish. Our objective was to describe the migratory behaviors of the three most populous 41 and commercially important migratory catfish species, Dourada (Brachyplatystoma 42 rousseauxii), Piramutaba (Brachyplatystoma vaillantii), and Piraíba (Brachyplatystoma 43 filamentosum). We collected fish from the mouth of the Amazon River and the Central 44 Amazon and used strontium isotope signatures ( 87 Sr/ 86 Sr) recorded in their otoliths to 45 determine the location of early rearing and subsequent. Fish location was determined 46 through discriminant function classification, using water chemistry data from the 47 literature as a training set. Where water chemistry data was unavailable, we successfully 48 in predicted 87 Sr/ 86 Sr isotope values using a regression-based approach that related the 49 geology of the upstream watershed to the Sr isotope ratio. Our results provide the first 50 reported otolith microchemical reconstruction of Brachyplatystoma migratory 51 movements in the Amazon Basin. Our results indicate that juveniles exhibit diverse 52 rearing strategies, rearing in both upstream and estuary environments. This contrasts with 53 the prevailing understanding that juveniles rear in the estuary before migrating upstream; 54 however it is supported by some fisheries data that has indicated the presence of alternate 55 spawning and rearing life-histories. The presence of alternate juvenile rearing strategies 56 may have important implications for conservation and management of the fisheries in the 57 region. 58 59 60 Animal migration provides many important ecological functions: they can be a stabilizing 61 strategy in seasonal environments; offer transitory habitats for large populations; often transport 62 materials across ecosystem boundaries; and may increase a regions biodiversity [1]. Large-scale 63 migrations shed light on ecosystem connectivity across scales and can be used as a lens to 64 understand broader behavioral responses to the environment and links to physical processes [2-65 4]. However, migrations worldwide are under threat from the alteration of migratory pathways, 66 habitat loss, climatic changes and anthropogenic changes to the landscape [5]. In aquatic 67 systems, changes in upstream land use and the placement of dams have had significant impacts 68
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moved from a habitat with a different signature.
175
Otolith Analysis 176 The left lapillus otolith from each sample was prepared using standard methods of 177 mounting, transverse sectioning with a high precision saw, and abrasive polishing to reveal the 178 rings [34, 57] (Figure 2 ). If the left otolith was missing or unavailable the right otolith was used 179 for analysis. Otoliths were then analyzed at the GeoAnalytical Laboratory at Washington State 180 University using a Finnigan Neptune (ThermoScientific) multi-collector inductively coupled 181 plasma mass spectrometer coupled with a New Wave UP-213 laser ablation sampling system 182 (LA-MC-ICPMS). We used a marine shell standard to evaluate measurement error relative to the 183 global marine signature of 0.70918 [58] . Repeated analyses of a marine shell signature provided 184 an average 87 Sr/ 86 Sr value of 0.70914 during the course of the study (N=22, St. Error=0.00002). 185 The laser was used to ablate a sampling transect from the core of the otolith section to the edge 186 (30 µm/s scan speed, 40 µm spot size, 0.262 s integration speed, ~7 J/cm). This resulted in a 187 continuous time-series of 87 Sr/ 86 Sr data from the birth of the fish (core) to its death (edge) which 188 was used for subsequent analysis. For more detailed methods see Hegg et. al [40] . The asteriscus 189 was used for one sample for which the lapilli were not available; however, the strontium 190 concentration was low and the unreliable results were not included. represented all major Amazon tributaries at a regional scale, while excluding smaller tributaries 202 that were unlikely to provide long-term habitat for our study species. Smaller tributaries in the 203 Amazon Basin have been shown to exhibit much different isotopic chemistry from their 204 mainstem rivers [51] . The scale and geologic heterogeneity of these smaller tributaries could 205 jeopardize assignment accuracy [54] . 206 The isotopic chemistry of a few significant locations were not available in the literature. 207 Notably missing were samples from the mouth of the Amazon River, its tributaries below 208 Obidos, and the Tocantins River which contributes to the estuary habitat of our study species. To 209 account for the 87 Sr/ 86 Sr of these locations we used the relationship between the geologic makeup 210 of a watershed and its 87 Sr/ 86 Sr signature to predict these points, following a similar regression 211 approach to Hegg et al. watershed, weighted by area, was also included as a potential explanatory variable for the 231 regression, leaving twenty-four potential explanatory variables for the regression.
232
Model selection used a genetic algorithm selection procedure in the {glmulti} package 233 for R [63] . We limited models to four terms to limit the number of potential models and included 234 interaction terms. The genetic algorithm uses a search algorithm based on Darwinian natural 235 selection, an efficient method for model optimization when the number of potential models is 236 large, as was the case with our geologic data [64]. Akaike's Information Criterion optimized for 237 small datasets (AICc) was used as the optimization criteria for the genetic algorithm, a criterion 238 that penalizes over-parameterization [65] . One third of the sample points were randomly selected 239 as a validation set, withheld from the model selection procedure, and used to assess prediction 240 accuracy of the best model. The best model was then used to calculate the 87 Sr/ 86 Sr values for the 241 unsampled points in the basin, using the geology upstream of these points.
Grouping of Distinguishable Watersheds

244
The water sample points were grouped into three distinguishable geographic regions 245 using prior knowledge of the geography and geology of the watersheds (Table 1 , Fig. 1A, Fig.   246 3). River basins that were geographically contiguous and broadly geologically and chemically The most parsimonious model without interaction terms explained ~80% of the variation 282 in the data but provided an unreasonably high prediction for the mouth of the Amazon River. We 283 had no direct evidence of significant geologic interactions; however, we included interactions in 284 a second model selection exercise in hopes of finding a parsimonious model that better fit the 285 available data. We limited the maximum number of model terms to four to limit the number of 286 potential models available from the twenty-four available variables plus interactions. This limit is reasonable since more terms would risk over parameterization given the number of 288 observations used to build the model. Under these conditions the AICc model-selection 289 algorithm selected three models that were greater than two AICc points superior to the next most 290 parsimonious model. The top model,
explained 89% (Adjusted R 2 ) of the variation in the data, provided the best prediction residuals 294 for the validation set, and resulted in a more reasonable prediction of the mouth of the Amazon.
295
This equation was used to predict the 87 Sr/ 86 Sr signatures for the five unsampled watersheds.
297
Grouping of Distinguishable Watersheds
298
A quadratic discriminant function provided the best cross-validation error rate (3.6%) for 299 discriminating all the watersheds into the three regions. One predicted value for the Madeira 300 River was the lone misclassification from the validation set, being classified to the Lower 301 Amazon Tributaries group. One sample from the Solimões River was dropped from the training 302 set as an outlier ( 
318
Of five piramutaba, two (40%) were shown to move between stable signatures but none 319 moved outside the Amazon Mainstem and Western Tributaries river group based on discriminant 320 function classification ( Figure 4B ). Of the three piraíba samples two showed movement, both of 321 which moved between the Beni-Madeira and Lower Negro River group and the Amazon
322
Mainstem and Western Tributaries ( Figure 4C ).
323
Overall, these results indicated that the majority of fish begin life in the Amazon Otolith microchemistry data is available in the supporting information for this publication 340 (S1 Table) . Beni-Madeira and Lower Negro river group ( Figure 4C ).
375
Indeed, several additional dourada and piraíba, and one piramutaba all appeared to have 376 spent significant time in 87 Sr/ 86 Sr signatures greater than 0.7100 ( Figure 4A, B &C) . This signature is higher than all but one location on the mainstem Amazon River and significantly 378 higher than the accepted global marine signature of 0.70918 considering the analytical precision 379 that is possible for otolith measurements. We would expect estuarian signatures to fall between indicates that in some situations a rearing strategy that forgoes the high growth potential of the 389 estuary may provide overall fitness benefits. This finding suggests that the life-history of these 390 species is more complex than has been previously understood. Supporting Information 861 862 S1 Table. Otolith transect data. Table of raw otolith transect data for each sample   863 analyzed.
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